Effective Lagrangians represent an important, model independent tool for studying physics beyond the Standard Model, via its impact on electroweak scale observables. In particular, two different effective descriptions may be appropriate, depending on how the electroweak symmetry breaking is realized at high energies: a linear effective Lagrangian is best suited in presence of linear dynamics, while a non-linear -chiral-one is more pertinent for scenarios featuring a non-linear realization. In this talk I will present a few examples of low-energy signals that differentiate the phenomenology of the two descriptions, thus providing a powerful insight into the nature of the Higgs boson.
Motivation
The discovery [1, 2] at the LHC of a scalar resonance compatible with the Brout-Englert-Higgs boson (from here on just "Higgs boson", for brevity) represents the ultimate experimental proof supporting the Standard Model (SM) of fundamental interactions. At the same time, new physics is still expected to exist around the TeV scale in order to cure the theoretical inconsistencies that affect the SM and especially its scalar sector. From this point of view, the observation of the Higgs boson provides a new, unequaled window to shed light on the dynamics of spontaneous electroweak (EW) symmetry breaking (EWSB).
In particular, the viable UV completions of the SM can be classified into two main categories, depending on whether they rely on a linear or on a non-linear implementation of EWSB. In the former scenario the Higgs typically appears as an elementary particle, while in the latter framework it arises naturally as a "dynamical" -composite-state.
At energies around the EW scale, the impact of beyond-Standard Model (BSM) physics of either class can be described in a model-independent way by means of a Lorentz and gaugeinvariant effective Lagrangian. More specifically, a linear effective Lagrangian is pertinent in scenarios with linearly realized EWSB, such as supersymmetric models, where the Higgs particle belongs to an SU (2) L doublet Φ and the new physics scale is Λ ≫ v, being v the EW vacuum expectation value (vev). The linear effective expansion contains operators weighted by inverse powers of the cutoff scale Λ and the leading corrections to the SM Lagrangian have then canonical mass dimension d = 6 [13] [14] [15] [16] . In dynamical Higgs scenarios, on the other hand, the Higgs particle is a composite field which happens to be a pseudo-goldstone boson (GB) of a spontaneously broken global symmetry. As a consequence, the most suitable effective Lagrangian for this scenario is a non-linear [17] or "chiral" one: a derivative expansion as befits the Goldstone boson dynamics. A typical example of this scenario are composite Higgs models [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
The effective linear and chiral Lagrangians with a light Higgs are in general different: the latter is indeed more general, and contains the former as a special limit which can only be obtained imposing specific constraints by hand [18] or assuming peculiar dynamics at high energies [19] . In this talk I present a few examples of signals that differentiate the two scenarios and that can thus provide powerful insights to the origin of the EWSB mechanism.
The effective non-linear Lagrangian for a light Higgs
The effective low-energy chiral Lagrangian for a light Higgs is written in terms of the SM fermions and gauge bosons and of two scalar fields: the SM GBs are described by a dimensionless unitary matrix [20] [21] [22] [23] [24] 
with L, R denoting respectively the SU (2) L,R global transformations of the scalar potential. The Higgs boson is represented by the singlet field h and its couplings are encoded in generic functions
that lack any SU (2) L structure: as often pointed out (e.g. refs. [25, 26] ), the resulting effective Lagrangian can describe many setups including that for a light SM singlet isoscalar. In a phenomenological approach, the effective non-linear Lagrangian for a light Higgs can be written as L chiral = L 0 + ∆L , where the leading order L 0 is the SM Lagrangian and ∆L describes any deviation from the SM due to the presence of strong-interacting new physics above the EW scale. The former term reads then
where
is the vector (scalar) chiral field transforming in the adjoint of SU (2) L . The covariant derivative is
with W µ ≡ W a µ (x)σ a /2 and B µ denoting the SU (2) L and U (1) Y gauge bosons, respectively. In eq. (2), the first line describes the h and gauge boson kinetic terms, and the effective scalar potential V (h). The second line describes the W and Z masses and their interactions with h, as well as the kinetic terms for GBs and fermions. Finally, the third line corresponds to the Yukawalike interactions written in the fermionic mass eigenstate basis. A compact notation for the righthanded fields has been adopted, gathering them into doublets Q R and
are two 6 × 6 block-diagonal matrices containing the usual Yukawa couplings.
The term ∆L includes all the effective operators with up to four derivatives allowed by Lorentz and gauge symmetries. In the bosonic (pure gauge, pure Higgs and gauge-h operators), CP even sector, to which we restrict in this talk a , it can be decomposed as
where c i are model-dependent coefficients, and the explicit form of the operators P i (h) can be read from ref. [18] .
In order to identify the phenomenological signatures that differentiate the linear form the nonlinear EFTs, it is useful to compare the chiral set of operators (eq. (4)) with a complete basis of dimension six, bosonic, CP even linear operators. Here we choose the so-called HISZ linear basis [29, 30] and we report the main results of the exhaustive analysis performed in refs. [18, 31] . Exploiting the correspondence Φ = (v + h)/ √ 2 U (0 1) T , it is possible to identify two main categories of discriminating effects:
1. Some couplings are predicted to be correlated in the linear parameterization, but receive contributions from independent operators in the non-linear description. For example, the linear term O B = (ig ′ /2)B µν D µ Φ † D ν Φ is set in correspondence with the combination of two non-linear terms:
where P 2 (h) contributes to the TGCs usually dubbed κ Z and κ γ , while P 4 (h) introduces the anomalous HVV vertices A µν Z µ ∂ ν h and Z µν Z µ ∂ ν h.
In a linear scenario any departure of one of these couplings from its SM value is expected to be correlated with effects in the other three, since they all receive a contribution from O B (obviating for the time being all the other possible operators). Moreover, the relative magnitude of such contributions is fixed by the structure of the covariant derivative D µ Φ. In the most general non-linear framework, instead, no such correlation is present: deviations in {κ Z , κ γ } are parameterized in terms of the coefficient c 2 , while those in the two anomalous HVV vertices are proportional to c 4 . This effect is due to the different gauge representation chosen in the two theories for the Higgs field: in the chiral formalism the Higgs particle h is treated as a gauge singlet, independent of the three SM GBs. As a consequence, this framework lacks the strong link between the couplings of the Higgs and those of the longitudinal gauge bosons, which in the linear realization is imposed by the doublet structure of the field Φ. A completely analogous analysis holds for another linear operator,
, that contributes to the same TGV and HVV vertices as P 2 (h), P 4 (h) and corresponds to the chiral operators P 3 (h) and P 5 (h):
In the event of some anomalous observation in either of the couplings mentioned above, the presence or absence of correlations would allow for direct testing of the nature of the Higgs boson. A preliminary global-fit analysis on the four parameters c 2−5 was presented in ref. [18] . Analogous (de)correlation effects between couplings with different number of Higgs legs have been discussed in refs. [32, 33] . Finally, a more complex example, that involves the six chiral operators P h , P 6−10 is analyzed in ref. [31] .
2. Some couplings appear only at higher order in the linear expansion, i.e. in linear operators of dimension d ≥ 8, but are allowed as first-order corrections to the SM (i.e. at the fourderivatives level) in the non-linear description. This kind of signal arises as a consequence of the adimensionality of the U(x) matrix, which ensures that the GB contributions do not exhibit any scale suppression. This is in contrast with the linear description, where the light h and the three SM GBs are encoded into the scalar doublet Φ, with mass dimension one: in that case any insertion of Φ pays the price of a suppression factor 1/Λ.
As an example, the operator P 14 (h) = gε µνρλ Tr(TV µ ) Tr(V ν W ρλ )F 14 (h) contains the anomalous TGC ε µνρλ ∂ µ W + ν W − ρ Z λ , called g Z 5 in the parameterization of [34] . This coupling appears only at dimension 8 in the linear expansion. Therefore, if found to be non-zero and comparable in size to other leading corrections to the SM, this effect would represent a smoking gun of non-linearity in the EWSB sector. Current limits on g Z 5 are derived from LEP data; however, the LHC has the potential to improve these bounds: the study presented in [18] , based on the kinematical analysis of the process pp → W ± Z → ℓ ′± ℓ + ℓ − / E T , shows that with a luminosity of 300 fb −1 at a c.o.m. energy of 14 TeV it is possible to measure g Z 5 at a level of precision comparable to that of the current constraints on dimension 6 linear operators.
